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Description
[Technical Field]

[0001] The presentinvention relates to a relative value
notification method, a base station and a mobile station
for notifying a relative value of a certain variable, from a
transmitting side apparatus to areceiving side apparatus.

[Background Art]

[0002] Conventionally, in the mobile communication
system, the binary number system is used in a case
where the relative value of a certain variable is notified
from a transmitting side apparatus to a receiving side
apparatus in the same way as in the case where the
certain variable is notified from a transmitting side appa-
ratus to a receiving side apparatus.

[0003] With reference to Fig. 1, description will be giv-
en of a method for notifying the relative value of a certain
variable from a transmitting side apparatus to a receiving
side apparatus with use of the binary number system. In
the method, used is a table having a signal pattern and
a relative value associated with each other as shown in
Fig. 1.

[0004] In the method, a transmitting side apparatus is
configured: to perform an error correction encoding proc-
ess on a signal pattern corresponding to a certain relative
value; to increase the Euclid distance between each pair
of the relative values; and thereby to reduce a rate of
error occurrence,

[0005] In addition, in the method, by causing a high-
order bit to have redundancy, a transmission side appa-
ratus is configured: to decrease the Euclid distance be-
tween relative values having close values; and to in-
crease the Euclid distance between relative values hav-
ing largely different values, substantially.

[0006] Forexample, a Channel Quality Indicator (CQl)
is coded by the method mentioned above (see Non-pat-
ent Document 1).

[0007] The method has an advantage that the rate of
error occurrence is low, and that, even if an error occurs,
the adverse effect due to the error can be reduced and
kept low. However, in the method, in a case where a
transmitting side apparatus transmits individual bits for
a long period of time, a receiving side apparatus needs
to calculate a relative value by receiving and then decod-
ing all the bits, resulting in a problem of taking time to
notify the receiving side apparatus of the relative value.
In other words, the method has problems such as control
delay or a load on an apparatus produced by an error
correction decoding process.

[0008] In order to solve the problems, there is known
a method for controlling a certain variable according to
"Up" commands and "Down" commands instead of noti-
fying the relative value of the certain variable to a receiv-
ing side apparatus.

[0009] Inthis method, the transmission side apparatus
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is configured to notify the receiving side apparatus of an
"Up" command by transmitting a bit taking a value of "1",
and to notify the receiving side apparatus of a "Down"
command by transmitting a bit taking a value of "0". In
this case, the "Up" command or the "Down" command is
updated bit by bit, thereby allowing the receiving side
apparatus to follow the "Up" commands or the "Down"
commands at high speed.

[0010] However, the conventional method for control-
ling a certain variable according to the "Up" command or
the "Down" command has a problem, for example, that
the certain variable differs between a receiving side ap-
paratus (a base station or a mobile station) that tracks,
from the beginning, a notification channel for notifying
the "Up" command or the "Down" command, and a re-
ceiving side apparatus that tracks the notification channel
from the middle thereof.

[0011] Inthe example of Fig. 2, a mobile station UE#1
increases the value of the certain variable by the amount
of value corresponding to two "Up" commands, since the
mobile station UE#1 tracks a notification channel from
bit#1, On the other hand, amobile station UE#2 increases
the value of the certain variable by the amount of value
corresponding to 4 "Up" commands, since the mobile
station UE#2 tracks a notification channel from bit#5.
[0012] In this manner, the method mentioned above
has a problem that the value of the certain variable differs
depending on a start time of tracking the notification chan-
nel. In other words, there is a problem of difficulty in
achieving fairness among receiving side apparatuses.
[Non-patent Document 1] 3GPP TR25.212 v5.8.0

[Disclosure of the Invention]

[0013] Accordingly, in view of the above problems, an
object of the present invention is to provide a relative
value notification method, a base station and a mobile
station, which are capable of achieving fairness among
receiving side apparatuses while reducing control delay
or a control load.

[0014] A first aspect of the present invention is sum-
marized as a relative value notification method for noti-
fying a relative value of a certain variable, from a trans-
mitting side apparatus to a receiving side apparatus, in-
cluding the steps of: generating, at the transmitting side
apparatus, a control signal indicating the relative value
by using the number of values 1 or 0 in a plurality of bits
to be transmitted during a predetermined period, and
transmitting the generated control signal to the receiving
side apparatus; and increasing/decreasing, at the receiv-
ing side apparatus, the certain variable according to the
number of values 1 or 0 in the plurality of bits in the control
signal received during the predetermined period.
[0015] A second aspect of the present invention is
summarized as a relative value notification method for
notifying a relative value of a maximum allowable trans-
mission rate, from a base station to a mobile station, in-
cluding the steps of: measuring, at the base station, an
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interference level from an uplink signal transmitted by
the mobile station; generating, at the base station, a rate
control signal indicating the relative value by using the
number of values 1 or 0 to be transmitted during a pre-
determined period, based on the interference level, and
transmitting the generated rate control signal to the mo-
bile station; and increasing/decreasing, at the mobile sta-
tion, the maximum allowable transmission rate according
to the number of values 1 or 0 in the plurality of bits in
the rate control signal received during the predetermined
period.

[0016] A third aspect of the present invention is sum-
marized as a base station including: a control signal gen-
erator unit configured to generate a control signal indi-
cating a relative value of a certain variable by using the
number of values 1 or 0 in a plurality of bits to be trans-
mitted during a predetermined period; and a control, sig-
nal transmitter unit configured to transmit the control sig-
nal to a mobile station.

[0017] A fourth aspect of the present invention is sum-
marized as a mobile station including; a control signal
generator unit configured to generate a control signal in-
dicating a relative value of a certain variable by using the
number of values 1 or 0 in a plurality of bits to be trans-
mitted during a predetermined period; and a control sig-
nal transmitter unit configured to transmit the control sig-
nal to a mobile station.

[0018] A fifth aspect of the present invention is sum-
marized as a base station including: a control signal re-
ceiver unit configured to receive a control signal trans-
mitted from a mobile station; and a certain variable in-
creasing/decreasing unit configured to increase/de-
crease a certain variable according to the number of val-
ues 1 or0in a plurality of bits in the control signal received
during a predetermined period.

[0019] A sixth aspect of the present invention is sum-
marized as a mobile station including; a control signal
receiver unit configured to receive a control signal trans-
mitted from a base station; and a certain variable increas-
ing/decreasing unit configured to increase/decrease a
certain variable according to the number of values 1 or
0 in a plurality of bits in the control signal received during
a predetermined period.

[Brief Description of the Drawings]

[0020]

[Fig. 1] Fig. 1 is a diagram showing an example of
a table used in a relative value notification
method in a conventional mobile communi-
cation system.

[Fig. 2] Fig. 2 is a diagram for explaining a certain
variable controlling method in the conven-
tional mobile communication system.

[Fig. 3] Fig. 3 is an overall configuration diagram of

a mobile communication system according
to an embodiment of the present invention.
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[Fig. 4] Fig. 4 is a functional block diagram of a base
station in a mobile communication system
according to the embodiment of the present
invention.

Fig. 5 is a functional block diagram of a mo-
bile station in a mobile communication sys-
tem according to the embodiment of the
present invention.

Fig. 6 is adiagram for explaining a controlling
method of a maximum allowable transmis-
sion rate of a mobile station in a mobile com-
munication system according to the embod-
iment of the present invention.

Fig. 7Ais a flow chart showing an operation
in a mobile communication system accord-
ing to the embodiment of the present inven-
tion.

Fig. 7B is a flow chart showing an operation
in a mobile communication system accord-
ing to the embodiment of the present inven-
tion.

[Fig. 5]

[Fig. 6]

[Fig. 7A]

[Fig. 7B]

[Best Mode for Carrying out the Invention]

(Configuration of a mobile communication system ac-
cording to an embodiment of the present invention)

[0021] With reference to Fig. 3 to Fig. 6, description
will be given of a configuration of a mobile communication
system according to an embodiment of the present in-
vention. In the mobile communication system according
to the present embodiment, a base station Node B#2 (a
transmitting side apparatus) is configured to notify the
relative value of a maximum allowable transmission rate
signal (a certain variable) to a mobile station UE (a re-
ceiving side apparatus).

[0022] In the example of Fig. 3, a base station Node
B#1 is configured to transmit a maximum allowable trans-
mission rate signal for notifying the mobile station UE of
the maximum allowable transmission rate (which in-
cludes a parameter for calculating the maximum allow-
able transmission rate, and hereinafter the same shall
apply) of an up signal (a user data signal) to be transmit-
ted by the mobile station UE.

[0023] The base station Node B#2 is configured to
transmit a rate control signal for instructing a mobile sta-
tion UE to reduce the maximum allowable transmission
rate notified by the base station Node B#1, since the base
station Node B#2 receives, as an interference, an uplink
signal transmitted from the mobile station UE to the base
station Node B#1. Incidentally, the rate control signal is
composed so as to notify the relative value of the maxi-
mum allowable transmission rate to a mobile station UE.
[0024] As shown in Fig. 4, the base station Node B#2
according to the present embodiment includes an inter-
ference measuring unit 11, a rate control signal generator
unit 12, a transmission buffer 13 and a rate control signal
transmitter unit 14.
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[0025] The interference measuring unit 11 is config-
ured to measure an interference level from the uplink
signal transmitted from the mobile station UE.

[0026] The rate control signal generator unit 12 is con-
figured to generate a rate control signal (a control signal),
based on the interference level measured by the inter-
ference measuring unit 11. This rate control signal shows
the relative value of the maximum allowable transmission
rate (a certain variable) notified from the base station
Node B#1 to the mobile station UE, by using the number
of 1 or 0 in a plurality of bits to be transmitted during a
predetermined time.

[0027] In the example of Fig. 6, the rate control signal
generator unit 12 is configured to use last 5 bits to express
the relative value of the above-mentioned maximum al-
lowable transmission rate (the certain variable). Here, it
is configured that the relative value mentioned above is
equivalent to the result of multiplying the number of bits
each having a value of "1" in the last 5-bits by "1/5".
[0028] Tobe more precise, the rate control signal gen-
erator unit 12 is configured to generate a rate control
signal in which the number of values 1 in the last 5-bits
is "0", when the relative value "0" is to be notified. The
rate control signal generator unit 12 is configured to gen-
erate a rate control signal in which the number of values
1 in the last 5-bits is "1", when the relative value "1/5 =
0.2" is to be notified. The rate control signal generator
unit 12 is configured to generate a rate control signal in
which the number of values 1 in the last 5-bits is "2",
when the relative value "2/5 = 0.4" is to be notified. The
rate control signal generator unit 12 is configured to gen-
erate a rate control signal in which the number of values
1 in the last 5-bits is "3", when the relative value "3/5 =
0.6" is to be notified. The rate control signal generator
unit 12 is configured to generate a rate control signal in
which the number of values 1 in the last 5-bits is "4",
when the relative value "4/5 = 0.8" is to be notified. The
rate control signal generator unit 12 is configured to gen-
erate a rate control signal in which the number of values
1 in the last 5-bits is "5", when the relative value "5/5 =
1" is to be notified.

[0029] More specifically, the rate control signal gener-
ator unit 12 is configured to determine the above-men-
tioned relative value corresponding to the interference
level measured by the interference measuring unit 11.
The rate control signal generator unit 12 is configured to
determine, by referring to the transmission buffer 13, a
bit value to be transmitted next, so that the number of
values 1 in a plurality of bits to be transmitted during a
predetermined time period would correspond to the rel-
ative value described above.

[0030] Forexample, whentherelative value "4/5=0.8"
is to be notified, the rate control signal generator unit 12
is configured to determine, by referring to the transmis-
sion buffer 13, the bit value to be transmitted next, so
that the number of values 1 in the last 5 bits would be "4".
[0031] Thetransmission buffer 13 is configured to tem-
porarily store each bit value in a rate control signal to be
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transmitted to the mobile station UE, and each bit value
in the rate control signal which has been transmitted to
the mobile station UE already.

[0032] Therate controlsignal transmitter unit 14 is con-
figured to extract, from the transmission buffer 13, the
rate control signal generated by the rate control signal
generator unit 12, and to transmit the extracted signal to
the mobile station UE.

[0033] Note that the rate control signal transmitter unit
14 may be configured to transmit a rate control signal for
every one bit, or may be configured to transmit a rate
control signal for every plurality of bits.

[0034] As shown in Fig. 5, the mobile station UE ac-
cording to the present embodiment includes a maximum
allowable transmission rate signal receiver unit 31, arate
control signal receiver unit 32, a receiving buffer 33, a
transmission rate determining unit 34 and a user data
signal transmitter unit 35.

[0035] The maximum allowable transmission rate sig-
nal receiver unit 31 is configured to receive a maximum
allowable transmission rate signal transmitted from the
base station Node B#1, and to notify the transmission
rate determining unit 34 of the maximum allowable trans-
mission rate notified by using the maximum allowable
transmission rate signal.

[0036] The rate control signal receiver unit 32 is con-
figured to receive a rate control signal transmitted from
the base station Node B#2, and to notify the transmission
rate determining unit 34 of the relative value of the max-
imum allowable transmission rate notified by using the
rate control signal.

[0037] The rate control signal receiver unit 32 is con-
figured to calculate the relative value of the above-men-
tioned maximum allowable transmission rate by using
the number of values 1 or 0 in a plurality of bits in the
rate control signal received during a predetermined pe-
riod.

[0038] Inthe example of Fig. 6, the rate control signal
receiver unit 32 judges that the relative value of the
above-mentioned maximum allowable transmission rate
is "4/5 = 0.8", since the number of values 1 in the last 5
bits is "4" at t1.

[0039] Moreover, the rate control signal receiver unit
32 judges that the relative value of the above-mentioned
maximum allowable transmission rate is "3/5=0.6", since
the number of 1 in the last 5 bits is "3" at t5.

[0040] The transmission rate determining unit 34 is
configured to increase or decrease the maximum trans-
mission rate, by multiplying the maximum allowable
transmission rate notified by the maximum allowable
transmission rate signal receiver unit 31 by the relative
value of the maximum allowable transmission rate noti-
fied by the rate control signal receiver unit 32, so as to
determine the transmission rate of an uplink signal to be
transmitted from the mobile station UE to the base station
Node B#1.

[0041] The user data signal transmitter unit 35 is con-
figured to transmit a user data signal to the base station
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Node B#1 at the transmission rate determined by the
transmission rate determining unit 34.

(Operation of a mobile communication system according
to an embodiment of the present invention)

[0042] With reference to Fig. 7A and Fig. 7B, descrip-
tion will be given of an operation of the mobile commu-
nication system according to the present embodiment.
[0043] First, with reference to Fig. 7A, an operation of
the base station Node B#2 according to the present em-
bodiment is described.

[0044] As shown in Fig. 7A, in step S1001, according
to the interference level measured by the interference
measuring unit 11, the rate control signal generator unit
12 determines the relative value of the maximum allow-
able transmission rate to be transmitted.

[0045] In step S1002, by referring to the transmission
buffer 13, the rate control signal generator unit 12 finds
out the number of bits each having the value of "1" or "0"
transmitted during a last predetermined period (in the last
4 bits in the example of Fig. 6).

[0046] In step S1003, the rate control signal generator
unit 12 determines the bit value to be transmitted next
by using the determined relative value and the found-out
number of bits. Then, the rate control signal generator
unit 12 generates a rate control signal including the de-
termined bit value, and stores the generated signal in the
transmission buffer 13.

[0047] Therate control signal transmitter unit 14 is con-
figured to transmit a rate control signal, which is stored
in the transmission buffer 13, to the mobile station UE at
a predetermined timing, in step S1004.

[0048] Second, with reference to Fig. 7B, an operation
of the mobile station UE according to the present em-
bodiment is described.

[0049] As shown in Fig. 7B, in step S2001, the maxi-
mum allowable transmission rate signal receiver unit 31
receives the maximum allowable transmission rate signal
from the base station Node B#1, while the rate control
signal receiver unit 32 receives the rate control signal
from the base station Node B#2.

[0050] In step S2002, the rate control signal receiver
unit 32 calculates the relative value of the maximum al-
lowable transmission rate, by using the number of values
1 or O (that is, the number of bits each having a value of
"1"or"0") in a plurality of bits (the last 5 bits in the example
shown in Fig. 6) received during a predetermined period.
[0051] In step S2003, the transmission rate determin-
ing unit 34 adjusts the maximum allowable transmission
rate, by multiplying a maximum allowable transmission
rate notified by the maximum allowable transmission rate
signal receiver unit 31 and the relative value of the max-
imum allowable transmission rate calculated by the rate
control signal receiver unit 32.

[0052] In step S2004, the transmission rate determin-
ing unit 34 determines the transmission rate of an uplink
signal (a user data signal) according to the adjusted max-

15

20

25

30

35

40

45

50

55

imum allowable transmission rate. Here, the transmis-
sion rate determining unit 34 may determine the trans-
mission data block size in the uplink signal as the trans-
mission rate of the up signal, or determine a transmission
power ratio of the control signal to the user data signal.
[0053] In step S2005, the user data signal transmitter
unit 35 transmits the user data signal to the base station
Node B#1 at the determined transmission rate.

(Effects of the mobile communication system according
to the embodiment of the present invention)

[0054] According to the mobile communication system
of the present embodiment, a mobile station UE (a re-
ceiving side apparatus) is configured to calculate a rela-
tive value by using the number of bits each having a value
of "1" or "0" in a plurality of bits in a rate control signal
received during a predetermined period. Accordingly, the
maximum allowable transmission rate (the certain vari-
able) can be controlled upon every receipt of 1 bit, thereby
reducing control delay or a control load attributable to the
factthat the maximum allowable transmission rate is con-
trolled after all the bits of a signal pattern corresponding
to the relative value are received and then decoded.

[0055] In addition, according to the mobile communi-
cation system of the present embodiment, the mobile sta-
tion UE (the receiving side apparatus) is configured to
calculate the relative value by using the number of bits
each having a value of "1" or "0" in a plurality of bits in
the rate control signal received during the predetermined
period. Thereby, the difference in the maximum allowable
transmission rate among mobile stations UE (receiving
side apparatuses) can be reduced when compared to a
case where the maximum allowable transmission rate
(the certain variable) is controlled according to the
number of "Up" commands or "Down" commands ob-
tained after a start of tracking a communication channel.

[Industrial Applicability]

[0056] As described above, according to the present
invention, it is possible to provide a relative value notifi-
cation method, a base station and a mobile station, which
are capable of achieving fairness among receiving side
apparatuses while reducing control delay or a control
load.

Claims

1. A relative value notification method for notifying a
relative value of a certain variable, from a transmit-
ting side apparatus to a receiving side apparatus,
comprising the steps of:

generating, at the transmitting side apparatus,
a control signal indicating the relative value by
using the number of values 1 or 0 in a plurality
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of bits to be transmitted during a predetermined
period, and transmitting the generated control
signal to the receiving side apparatus; and
increasing/decreasing, at the receiving side ap-
paratus, the certain variable by using the
number of values 1 or 0 in the plurality of bits in
the control signal received during the predeter-
mined period.

2. A relative value notification method for notifying a
relative value of a maximum allowable transmission
rate, from a base station to a mobile station, com-
prising the steps of:

measuring, at the base station, an interference
level from an uplink signal transmitted by the
mobile station;

generating, at the base station, a rate control
signal indicating the relative value by using the
number of values 1 or 0 to be transmitted during
a predetermined period, based on the interfer-
ence level, and transmitting the generated rate
control signal to the mobile station; and
increasing/decreasing, at the mobile station, the
maximum allowable transmission rate accord-
ing to the number of values 1 or 0 in the plurality
of bits in the rate control signal received during
the predetermined period.

3. A base station comprising:

a control signal generator unit configured to gen-
erate a control signal indicating a relative value
of a certain variable by using the number of val-
ues 1 or 0 in a plurality of bits to be transmitted
during a predetermined period; and

a control signal transmitter unit configured to
transmit the control signal to a mobile station.

4. A mobile station comprising:

acontrol signal generator unit configured to gen-
erate a control signal indicating a relative value
of a certain variable by using the number of val-
ues 1 or 0 in a plurality of bits to be transmitted
during a predetermined period; and

a control signal transmitter unit configured to
transmit the control signal to a mobile station.

5. A base station comprising:

a control signal receiver unit configured to re-
ceive a control signal transmitted from a mobile
station; and

a certain variable increasing/decreasing unit
configured to increase/decrease a certain vari-
able according to the number of values 1 or 0 in
a plurality of bits in the control signal received
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during a predetermined period.

6. A mobile station comprising:

a control signal receiver unit configured to re-
ceive a control signal transmitted from a base
station; and

a certain variable increasing/decreasing unit
configured to increase/decrease a certain vari-
able according to the number of values 1 or 0 in
a plurality of bits in the control signal received
during a predetermined period.
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